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ABSTRACT

An outbreak ofpseudorabies occur-
red in sheep housed with swine in the
same building. Although the sheep and
swine were not in physical contact, the
lambs and ewes were exposed to air
from the sows' section. Three dead
lambs were submitted to the Iowa
State University Veterinary Diagnostic
Laboratory for necropsy.

Grossly there were pulmonary con-
gestion and multifocal pulmonary hem-
orrhages. Microscopic lesions were
severe acute multifocal necrotizing
bronchopneumonia with necrotizing
vasculitis and intranuclear inclusion
bodies within the neurons of the
parabronchial ganglia.

Bacterial cultures were negative for
pathogenic agents; pseudorabies virus
was isolated from ovine brain tissue.
Viral antigen was demonstrated in the
neurons of the parabronchial ganglia
by immunoperoxidase staining. Elec-
tron microscopy revealed nucleocap-
sids in the parabronchial ganglionic
neurons which contained basophilic
intranuclear inclusion bodies. Viral
DNA prepared from the ovine pseu-
dorabies virus isolate was found by
restriction endonuclease analysis to be
related to the Indiana Funkhauser
strain of pseudorabies virus.

Key words: Aujeszky's disease virus,
pseudorabies, sheep, pneumonia.

RESUME

La pseudo-rage a sevi chez des
moutons qu'un eleveur gardait avec
des porcs, dans une etable remodelee.
Meme si les premiers n'etaient pas en
contact physique avec les seconds, les
agneaux et les brebis respiraient l'air
qui provenait de la section reservee
aux truies. Le cultivateur soumit trois
agneaux morts au laboratoire de diag-
nostic veterinaire de l'universite de l'lowa,
afm qu'on en effectue la necropsie.

Les lesions macroscopiques affec-
taient les poumons et elles se tradui-
saient par de la congestion et de
multiples foyers hemorragiques. L'his-
topathologie revela plusieurs foyers de
broncho-pneumonie necrotique aigue,
qui s'accompagnaient de vasculite
necrotique et d'inclusions intranucle-
aires dans les neurones des ganglions
parabronchiques.

L'examen bacteriologique des pou-
mons de ces agneaux donna des resul-
tats negatifs, mais on isola de leur
cerveau le virus de la pseudo-rage.
La coloration a l'immunoperoxydase
permit aussi de le demontrer, dans les
neurones des ganglions parabronchi-
ques. La microscopie electronique
revela la presence de nucleocapsides,
dans les neurones des ganglions para-
bronchiques qui arboraient des in-
clusions intranucleaires basophiles.
L'analyse de l'endonuclease de restric-
tion revela que l'acide desoxyribonu-
cleique du virus en cause affichait une

relation avec celui de la souche du
virus de la pseudo-rage Funkhauser de
l'Indiana.

Mots cles: virus de la maladie d'Au-
jeszky, pseudo-rage, moutons, pneu-
monie.

INTRODUCTION

Pseudorabies (Aujesky's disease), a
disease of worldwide distribution af-
fecting swine and other domestic
animals, has been increasing in inci-
dence and virulence in the midwestern
United States (1,2).

Since the discovery of pseudorabies
(Pr) by Aujeszky in 1902 (3), relatively
few papers have described spontaneous
outbreaks in sheep. The earliest reports
were from Eastern Europe in 1912 (4),
1927 (5) and 1933 (6), followed by
England in 1938 (7) and Brazil in 1939
(8). Kojnok observed in 1962 that
swine were the source of pseudorabies
virus (PrV) for ruminant infection (9).
This finding was substantiated by
other authors' reports of natural Pr
outbreaks in sheep during the 1960s
until the present (10-16).
A review of the literature disclosed

no descriptions of necrotizing pneu-
monia or necrotizing pulmonary vas-
culitis in sheep (4-20) and only one
report of necrosis in the parabronchial
ganglia (17). The objective of this
study was to characterize the pneu-
monic lesions in an outbreak of Pr in
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young lambs which were presumed to
have been infected by aerosolized PrV
from farrowing sows.

MATERIALS AND METHODS

ORIGIN OF OVINE TISSUES

Three dead two to three week old
lambs were submitted for necropsy to
the Iowa State University Veterinary
Diagnostic Laboratory. The lambs
were from a flock of 35 ewes and
48 lambs.
A remodeled barn housed the

animals (Fig. 1). The larger end of the
building was subdivided into two units,
one for farrowing sows (vaccinated
against Pr with a modified live vaccine
[Pr-Vac, Norden Laboratories, Inc.,
Lincoln, Nebraska]) and the other for
lambing ewes. A solid plank wall, built
from the floor to the bottom edge of
the ceiling joists, separated the two
areas. This construction permitted a

20 cm open space between the top of
the wall and the haymow floor boards.
A ventilation fan, constructed high in
the wall, blew air from the farrowing to
the lambing side. In the room adjacent
to the lambing unit were penned ewes

with older lambs. The next room con-

tained market weight swine. The walls

between these areas were as previously
described, and the rooms were open at
one end.

Seven ewes, 32 lambs (2-3 weeks
old), and one cat died during the out-
break. The first Pr cases occurred
among the ewes and older lambs while
the remaining cases were in the neo-

natal lambs and lambing ewes. The
initial losses were in the lambs fol-
lowed by deaths of ewes later in the
outbreak. The clinical signs beginning
with muscle spasms and ending with
pruritus, had a sudden onset. The
lambs died within 12 hours after clin-
ical signs began. Pruritus was common
in the lambs but was evident in only
one ewe.

HISTOTECHNIQUE

Representative tissues were har-
vested at necropsy for histological
examination. Portions of cerebrum,
cerebellum, brainstem (diencephalon,
mesencephalon, metencephalon and
medulla oblongata), lung, heart, liver
and kidney were fixed in 10% neutral
buffered formalin. Tissues were pro-

cessed by routine paraffin techniques,
sectioned at 6,u and stained with
hematoxylin and eosin (H & E) by the
Harris method (21).

VIRUS ISOLATION

Ovine brain tissue was processed for
the isolation and identification of
pseudorabies virus (22).

RESTRICTION ENDONUCLEASE ANALYSIS

Virus isolated from the outbreak
(VDL 82P2294) along with Norden
vaccine virus (PR-Vac, Norden Lab-
oratories, Inc., Lincoln, Nebraska)
and Indiana Funkhauser (Ind[FH]
strain of PrV were subjected to restric-
tion endonuclease (RE) analysis utiliz-
ing RE enzymes (BAM HI, Sal I, and
Hinf I, Bethesda Research Labora-
tories, Gaithersburg, Maryland) as

described in the literature (23,24).

IMMUNOPEROXIDASE STAINING

In an attempt to localize and prove
that viral antigen was present in the
lungs and brainstem of the submitted
lambs, an immunoperoxidase staining
procedure (VectastainTM ABC Kit,
Vector Laboratories, Inc., Burlingame,
California) was performed on formalin
fixed paraffin embedded tissues. Tissue
sections, cut at 6 ,u, were mounted on

glass slides and incubated for 12 hours
at 600 C in dry heat. The sections were

deparaffinized and immunoperoxidase
stained as outlined by the VectastainTM

Fig. 1. Portion of the converted barn subdivided into areas for farrowing sows, lambing ewes, ewes and older lambs, and market hogs. The black walls
represent outer walls while inner walls, marked with oblique lines, partitioned the barn. A ventilation fan (A) was located between the compartments for
farrowing sows and lambing ewes. The arrows indicate the air flow from the farrowing to the lambing unit.
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protocol. Rabbit antipseudorabies se-
rum was the primary antiserum and
Harris hematoxylin was the counter-
stain.

ELECTRON MICROSCOPY

Selected sections from the H & E
slides were processed for the electron
microscopy to demonstrate viral par-
ticles in the neurons of the para-
bronchial ganglia (25).

RESULTS

GROSS AND MICROSCOPIC FINDINGS

Necropsy disclosed diffuse pulmo-
nary congestion and multifocal pul-
monary hemorrhages.

Histological examination of the
pulmonary parenchyma revealed sev-
ere generalized edema, hemorrhage
and congestion. A few of the pul-
monary vessels, bronchioles and ad-
jacent parenchyma contained multi-
focal areas of necrosis (Fig. 2). These
necrotic foci were characterized by the
loss of tissue cytoarchitecture and
contained mixed leukocyte infiltrates
of neutrophils, macrophages and lym-
phocytes (Fig. 3). In some foci, a few
degenerate and unidentifiable cells
contained eosinophilic intranuclear
inclusion bodies. Within the para-
bronchial ganglia were degenerate
neurons with eosinophilic inclusion
bodies (Fig. 4). In other ganglionic
neurons, the nuclei were filled with a
basophilic inclusion body encircled by
fragmented and particulate chromatin
at the nuclear membrane.

The brainstem, slightly caudal to
the cerebellar peduncles, contained
degenerate neurons with basophilic
intranuclear inclusion bodies. These
neurons were medial and dorsal to the
facial nucleus. A mild lymphocytic
perivascular infiltrate involved some
of the neuroparenchymal vessels. No
microscopic lesions were observed in
the cerebral cortex or in the olfactory
bulbs.

VIRUS ISOLATION

Pseudorabies was confirmed by
PrV isolation from emulsified ovine
brain tissue.

ht

Fig. 2. Lung from lamb. Note the area of pneumonia peripheral to a bronchiole (arrow). H & E.
Bar= 125 ,.

't.'
Fig. 3. Vessel wall in pulmonary parenchyma. Note the focal vasculitis obliterating the cytoarchi-
tecture of the vessel wall (arrow). H & E. Bar=86 ,j.

RESTRICTION ENDONUCLEASE BANDING

PATTERNS

The VDL 82P2294 ovine isolate and
Ind(Fh) strain had relatively similar
banding patterns with all three re-
striction enzymes (Fig. 5). The band-
ing patterns of the Norden vaccine
strain were different from both VDL
82P2294 and Ind(Fh) strains. In the
Bam HI pattern (Lane B), there was an
area of heterogeneity between 5.0 and
6.0 megadaltons. In the Sal I pattern

(Lane B), there were numerous dif-
ferences in numbers and migration of
bands. In the Hinf I pattern, the
Norden PrV DNA had no 4.2 mega-
dalton band, differentiating Norden
from the VDL 82P2294 and Ind(Fh)
strains.

IMMUNOPEROXIDASE STAINING

Viral antigen positive neurons were
in the transverse tissue sections from
the medulla oblongata slightly caudal
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q to the cerebellar peduncles. The af-
; ; _ fected neurons tended to be located

medial and dorsal to the facial nucleus
in the nucleus reticularis gigantocel-

ELECTRON MICROSCOPY

Nonenveloped nucleocapsids were
demonstrated within the nuclei of the

.t neurons in the parabronchial ganglia
... ...*..(Fig. 6). The virus particles were in

4>* the nuclei which contained granular
0, pale basophilic intranuclear inclusion

bodies intheH&E stained sections.

DISCUSSION

The history, clinical signs, macro-
scopic and histological lesions, virus

t _, ;_vdistribution, and RE analysis of viral
Fig. 4. Parabronchial ganglion in lamb lung. Note the degenerate neurons and eosinophilic intra- DNA have been described for an out-
nuclear inclusion bodies (arrows). H & E. Bar=5O , break of Pr in ewes and two to three

week old lambs. Although PrV isola-
tions and serology were not attempted
from the swine, the close association
between the sheep and the pigs sug-
gested the possible shedding of viru-
lent aerosolized PrV (26) from vacci-
nated sows with latent or subclinical

Mol. Wt. Barn HI Sal I Hinf | PrV infections (27-29). The results ofMol*Wt* Bam HI. SalI Hinf I |RE analysis clearly indicate that the
X106 A B C A B B C ovinePrV isolate was related not to a

Daltons vaccine strain of PrV, but to the
_ _ virulent Ind(Fh) strain.

15.1-_ i I The necrotizing pneumonia and the
-_10.4 presence of viral antigen and nucleo-

capsids in the parabronchial ganglionic
6.2 - 6.2 neurons are evidence for the aero-

genous spread of PrV in this outbreak.
With this type of viral transmission,

4.2- - 4.2 ventilation and airflow patterns should
be considered when Pr is suspected in
swine or other farm animals. The
specific involvement of the lungs war-

2.7 - _ t S - 2.7 rants submission of this tissue for
histological and virological examina-
tion when aerogenous spread of Pr is

1.4- suspected.

1.2-| 8 4 | ACKNOWLEDGMENTS
- 1.4 The authors thank Dr. D.J. Nyren
- 1.2 of Veterinary Associates, Iowa City,

Iowa for submitting and providing
information about this case and Dr.
H. Hill and his staff at the VDL
virology unit for their assistance in
identifying and propagating the virus.
We thank Dr. J. M. Miller from
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Fig. 6. Parabronchial ganglia from lamb. Electron micrograph from an H & E stained section. Note
the nucleocapsids near the nuclear membrane (arrows). Bar=0.2 usm.
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